AD=AL106 746

UNCLASSIFIED

NAVAL SURFACE WEAPONS CENTER DAHLGREN VA £/8 19/
GAS~SUN PLANAR IMPACT STAGING EXPERIMENTS FOR FLYER PLATE VELOC—ETC(U)
Pl 81 W H HOLT, W MOCK

NSWC/TR-80=368




UNCLASSIFIED

SECUMITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

REPORT DOCUMENTATION PAGE BEF O e R

2. GOVY ACCESSION NO.] 3. RECIPIENT'S CATALOG NUMBER

4106 |7¥E

4. TITLE (and Subtitle)

e =
7. AUTHORC(a) . CONTRACY O ANT NUM e)

William H.{Holt

j. TYPE OF REPOAT & PERIOD COVERED

R 5
SSUN PLANAR IMPACT STAGING EXPERIMENTS Q] Finsl o | [
FOR/FLY& PLATE VELOCITY ENHANCEMENT . - PERFORMING ORG. REPORT NUMBER
Z < 7 7 e

. PERFORMING ORGANIZATION NAME AND ADDRESS . PROGRAM l*lll Y, PROJECT, TASK
ARE K UNIT NUMBERS
Naval Surface Weapons Center (G30)
Dahlgren, VA 22448 is g
11. CONTROLLING OFFICE NAME AND ADDRESS -E L
/ /)] Aprl 981 ;
Naval Sea Systems Command m PAGES
Washingtor,, DC 20362 28
[T, MONITORING AGENCY NAME & ADDRESS(/{ different from Controlling Office) | 18. SECURITY CLASS. (of this report)
Syre UNCLASSIFIED
NP

T8a. DECL ASSIFICATION/ DOWNGRADING
SCHEOULE

T T —
16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

10. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)
Gas gun

Impact

Staging

\ Stress waves

A

. ABSTRACT (Continue on reverae aide if necessary and identify by block number)

Gas gun impact experiments and computational simulations were performed to investigate a
technique for increasing flyer plate velocities. Stainless steel impactors, PMMA and aluminum
buffers, and stainless steel flyers were used. Charged contact pins were used to measure impactor
and flyer velocities. The velocities of the flyers were on the order of 1.5 times the impactor
velocities, in agreement with computational results.

i)

FORM = 1473  £0ITION OF 1 NOV 68 1S ORSOLETE
DD , 520", Lormion 0¥ | NOY 68 13 omsoL UNCLASSIFIED /

SECURITY CLASSIFICATION OF THIS PAGE (When Dete tM: B

7




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

el

UNCLASSIFIED

SECURITY CLASSIFICATION OF“THIS PAGE(When Date Entered)




FOREWORD

SF-33-354-391.

Munitions Division.

¥ 2R St

Released by:

Flar 4

CAPT R. P. FUSCALDO
Assistant for Weapons Systems

This report describes impact experiments performed with the NSWC gas gun to investigate a
technique for increasing flyer plate velocities. This work was supported by NAVSEA Block No.

This report has been reviewed and approved by C. A. Cooper, Head, Gun Systems and

Weapons Systems Department

Accession For
FTv3 Tkl
TolT T3 C\

Uhan inend ]
Jiostifigationo

_Dictritution/
Avalliatilitly Codod
T jAvall and/ed
Digt | speciad




i
&
§
£
1
H
5
£

ACKNOWLEDGEMENTS

The authors wish to acknowledge J.A. Forbes and J. O. Erkman for helpful discussions and
for performing WONDY computer simulations for the impact experiments.




...................................................... viii 1
1
I. INTRODUCTION . .......iitiieiee ettt 1
. EXPERIMENTALDETAILS ........c0iiuniiniineiiineeaeannnns. 2
HI. RESULTSAND SUMMARY. .. .....ounitirniineeeieeaniaennnn, 7
!
REFERENCES . . ...ttt ittt et et e e e 10 i
APPENDIXES
A — OSCILLOSCOPE RECORDS OF PIN CLOSURE PULSES FOR FLYER
VELOCITY MEASUREMENTS .. .....00itiiniinineeenenenns, A-l
B — POSTSHOT PHOTOGRAPHS OF A STAINLESS STEEL IMPACTOR AND A ‘
STAINLESS STEEL FLYER .........0ouiiniiinnenn e, B-1
DISTRIBUTION
vii

CONTENTS

—L'm.‘; T N G ]




e i et il

] LIST OF ILLUSTRATIONS
Figures Page
1 Schematic of planar impactstaging..............c.cviverrnnennennns 1
f 2 SchematicOf BaS gUN. . . .. ..t i ittt ittt e it e 3
¥ 3 Schematic of the muzzle region of the gas gun with a target configuration for
{ an impact staging experiment ............ P 3
4 Photograph of an unassembled target configuration . .................. 5
5 Photographs of an assembled target configuration. .. .................. 6
6 Calculated impactor and flyer velocities as a function of time after impact
forShot 161 ... ... i i s ittt 9
7 Calculated impactor and flyer velocities as a function of time after impact
for Shot 162 ... .. it i e i et ittt e 9
A-l Oscilloscope record of flyer velocity pin closure pulses for Shot 161 ...... A-3
A-2 Oscilloscope record of flyer velocity pin closure pulses for Shot 162 ...... A-3
: B-1 Postshot photographs of the recovered stainless steel impactor and
k- stainless steel flyer forShot 161 ......... ... ... .. i, B-3
; LIST OF TABLES
k. Table Page
: 1 Data summary for planar impact staging experiments.................. 8

RO LY o T T SR AT T A e




1. INTRODUCTION

This report describes gas gun experiments and computational simulations for planar impact
staging to achieve high velocities for flyer plates. Staging techniques take advantage of multiple
wave interactions in impacted layered targets and have been the subject of several experimental
and analytical studies.! "3 For certain conditions the velocity of the flyer plate (the target layer 1
farthest from the impact plane) can be greater than that of the impactor plate (see Figure 1) by

60% or more.?

BUFFER
IMPACTOR \ FLYER

Y

—

——

<o P b

—

——

/7
v:mpacm v lﬂyot= 0
BEFORE IMPACT AFTER IMPACT i

T
,

Figure 1. Schematic of planar impact staging. V',"‘ Pactor and V'.L,""“"”r are the initial and final
' velocities of the impactor, respectively. V' 'Ve" and V. 'Y®' gre the initial and final
velocities of the flyer, respectively. For certain combinations of the materials and
relative thicknesses of the impactor, buffer, and flyer, V5'Y°" can be greater than
vimpactor, The shock impedance of the buffer is assumed to be less than that of
the impactor or flyer.
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Explosive plane wave lens experiments? and two-stage light gas gun experiments® have
demonstrated this effect with impactors and multilayered targets consisting of materials having a
wide range of shock impedances, from high-impedance tantalum to low-impedance lithium. The
layered targets were constructed so that the layers of “buffer” material (between the impactor
and the final “flyer” layer) were arranged in order of decreasing shock impedance and the thick-
nesses of the buffer layers were selected so that the stress wave transit times in the layers were

approximately the same.

The impact experiments described in this report were performed with the NSWC gas gun* for
simple one- and two-layer buffers, using common materials: 304 stainless steel, 6061-T6 ajuminum
and polymethyl methacrylate (PMMA) (trade-named Lucite or Plexiglas). These experiments are
described in Section Il and the results are presented in Section 11l. Oscilloscope records for
velocity measurements of the stainless steel flyers are provided in Appendix A. Appendix B

contains postshot photographs of a stainless steel impactor disc and a stainless steel flyer disc.

II. EXPERIMENTAL DETAILS

Type 304 stainless steel was selected for the high impedance impactor and flyer materials
because of its relatively low Hugoniot elastic limit (~0.23 GPa’) and the absence of shock-induced
phase transitions®'® in the stress range for the present experiments and for potential future ex-
periments at higher impact velocities. These properties should result in a relatively low amplitude
elastic wave and only a single plastic wave generated initially in the impactor and flyer, thereby
simplifying the interpretation of the experimental results. The PMMA and 6061-T6 aluminum
buffer materials were selected on the basis of their shock impedances being less than that of

stainless steel and on the availability of Hugoniot and related material properties data. >~8

Figure 2 is a schematic of the 40-mm-bore gas gun used for these experiments. Figure 3 is a
schematic of the muzzle region of the gun. The impactor disc is carried in a recess in the front of
the projectile. The buffer and flyer discs were held together by a thin layer of adhesive (Homalite
1100) and were held in the target holder by epoxy (Castall 300-RT7). The epoxy potting of the
target assembly was accomplished on a precision granite surface plate (coated with a thin layer of
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fluorocarbon mold release agent). This was to ensure the planarity of the buffer and flyer
combination with the surface of the target holder that would be in contact with the target

mounting flange of the gas gun.
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Figure 2. Schematic of gas gun.
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Figure 3. Schematic of the muzzle region of the gas gun with a target configuration for an
impact staging experiment. The impactor disc is carried on the front of the projectile
and impacts the buffer disc that is in contact with the flyer disc. After the flyer disc
has moved a distance of approximately 6.4 mm, its velocity is measured with the

array of charged velocity pins. The velocity of the projectile and impactor prior to
impact is measured with the charged pins in the side of the barrel.
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A set of four flyer velocity measurement pins positioned at 90° intervals on a 12.6-mm-
diameter circle around a central grounding pin were mounted in a Lucite and epoxy holder behind
the flyer. A Lucite mold (coated with layer of vacuum grease) was used to fabricate the velocity
pin holder. The pins were made from 50-mm lengths of 0-80 UNF stainless steel threaded rod; one
end of each rod was lapped perpendicular to the rod axis. The threads were coated with a
fluorocarbon mold release agent prior to being potted in the epoxy; this permitted turning of the
rods in the cured epoxy to adjust the relative positions of the pin tips. After the buffer and flyer
discs were secured in the target holder, a precision 6.35-mm-thick copper spacer disc was placed on
the back side of the flyer. The holder for the pins was then secured to the target holder by two
10-32 UNF screws. The grounding pin was then adjusted until it contacted the spacer disc. The pin
holder was then demounted from the target holder and mounted on a special granite fixture* for
precision positioning of the velocity pin tips. A dial indicator height gauge with 0.002-mm
resolution (Scherr-Tumico Model BLS) was used to measure the relative heights of the velocity pin

tips from the plane of the tip of the ground pin.

Two of the velocity pin tips (at 0 and 180° positions) were adjusted to be 0.51 +0.02 mm
below the plane of the ground pin tip. The remaining two pin tips (at 90 and 270° positions)
were adjusted to be 0.51 £0.02 mm below the plane of the first pair of pin tips. All the pins were
then secured with fast setting epoxy (Hardman 8173). The pins were connected by coaxial cables
to time-of-contact measurement circuits.’ The four velocity pins were electrically charged and
have the voltage ratios 6:3:2:1, respectively. These ratios are used to distinguish between the
grounding closure of each of the four pin circuits. (The flyer contacts the ground pin first to

ensure proper pin pulse responses).

Figure 4 shows an unassembled target configuration. The target holder containing a buffer
and flyer disc combination is shown in front of the velocity pin holder. Figure 5 shows views of an

assembled target configuration.
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Figure 4. Photograph of an unassembled target configuration. The target holder containing a
buffer and flyer combination is shown in front of the velocity pin holder. The array
of four velocity pins and the central grounding pin can be seen protruding from the
epoxy part of the velocity pin holder. The coaxial cables connect the velocity pins to

the charging and contact sensing circuits.




Figure 5.

(b)

Photographs of an assembled target configuration. (a) Side view showing the impact
surface of the buffer disc (at left of target holder) and the concentric annular surface
of the target holder that contacts the target mounting flange of the gas gun. (b) Back
view showing attachment of velocity pins to the coaxial cables.
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IIl. RESULTS AND SUMMARY

The details of the planar impact staging experiments are presented in Table 1. The impactor
discs were 35.6-mm-diameter, 5.0-mm-thick, 304 stainless steel. For Shot 161, with a single
3-mm-thick PMMA buffer layer anda 1-mm-thick stainless steel flyer, the measured flyer velocity
was 1.40 times the initial velocity of the impactor. For Shot 162, the 3-mm-thick buffer consisted
of a 1.8-inm-thick aluminum alloy layer and a 1.2-mm-thick PMMA layer; the measured velocity of
the 1-mm-thick stainless steel flyer was 1.59 times the initial velocity of the impactor.

The SRI PUFF 8 one-dimensional stress wave propagation computer program’ was used to
calculate the velocities of the material layers. Figures 6 and 7 show the calculated impactor and
flyer velocities as a function of time after impact for Shots 161 and 162, respectively. The cal-
culated and measured velocities for the stainless steel flyers agree to within 10%. Calculations
with the Sandia Laboratories WONDY IV computer program!® gave very similar results.! 2 The
PUFF 8 calculations indicate that the stainless steel impactor velocities for Shots 161 and 162
decreased by an average of about 53% after impact. The calculated final velocity for the aluminum
alloy buffer layer (Shot 162) indicated that the metal part of the buffer was accelerated to within
17% of the impactor initial velocity.

In summary, it has been demonstrated that for these simple one- and two-layer buffer planar
staging configurations it is possible to launch metal flyer layers at velocities approximately 1.5

times that of the initial impactor velocity.
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Figure 6. Calculated impactor and flyer velocities as a function of time after impact for Shot 161.
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Figure 7. Calculated impactor and flyer velocities as a function of time after impact for Shot 162.
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APPENDIX A

OSCILLOSCOPE RECORDS OF PIN CLOSURE
PULSES FOR FLYER VELOCITY
MEASUREMENTS
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Figure A-1. Oscilloscope record of flyer velocity pin closure pulses for Shot 161. The vertical
scale is 2 v/div and the horizontal scale is 0.1 us/div. A 0.02-us period time calibra-
tion wave is shown at the bottom.
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Figure A-2. Oscilloscope record of flyer velocity pin closure puises for Shot 162. The vertical
scale is 2 v/div and the horizontal scale is 0.1 us/div. A 0.02-us period time calibra-
tion wave is shown at the bottom.
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APPENDIX B

POSTSHOT PHOTOGRAPHS OF A STAINLESS 1
STEEL IMPACTOR AND A STAINLESS
STEEL FLYER
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(b)

Figure B-1. Postshot photographs of the recovered stainless steel impactor and stainless steel
fiyer for Shot 161. (a) Surfaces that impacted the flyer velocity pins. (b) Opposite
surfaces. (c) Edge view; direction of motion of impactor and flyer was from left to
right in the figure.
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Figure B-1 (Continued).
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